Introduction
The peculiar solar minimum that followed the solar cycle 23 and the delayed onset of cycle 24 have received extensive attention (see the articles in Cranmer, Hoeksema, and Kohl, 2010) . The delayed start of solar cycle 24 has also raised the question about its amplitude and when the cycle will reach its maximum. Some of the main characteristics that have been used to characterize the peculiar solar minimum are the reduced polar field strength, extremely low levels of activity and the long duration. These characteristics have been extensively studied mainly using photospheric and coronal observations. In particular, the polar field strength has been studied extensively using photospheric magnetograms. Microwave imaging observations at frequencies above 15 GHz provide a unique opportunity to study the behavior of the polar regions because coronal holes appear bright at these frequencies (see e.g., Kosugi, Ishiguro, and Shibasaki, 1986; Gopalswamy et al. 1999a,b; Nindos et al., 1999; Shibasaki, Alissandrakis, and Pohjolainen, 2011; Prosovetsky & Myagkova, 2011) . The quiet-Sun microwave emission originates from the chromospheric layers, so we can study the polar regions at the chromospheric layer and compare it with photospheric observations. Microwave imaging can also be used to study prominence eruptions (PEs), whose locations on the Sun also provide important information on various phases of the solar cycle such as the rushto-the-pole phenomenon and the cessation of high-latitude activity that marks the time of polarity reversal (Gopalswamy et al. 2003a; Shimojo et al., 2006) . In addition the near-Sun propagation 
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Strength
The photospheric layers underlying coronal holes can be distinguished by unipolar magnetic fields, enhanced with respect to the quiet Sun. Therefore, one would expect a connection to the microwave emission originating from the overlying chromospheric layers. Gopalswamy, Shibasaki, and Salem (2000) investigated a set of 71 equatorial coronal holes and found that the microwave brightness temperature is correlated with the peak magnitude of the photospheric magnetic field underlying the coronal hole. Polar coronal holes are closely related to solar minima when the polar field strength is high (see, e.g., Benevolenskaya, 2010) , so we expect them to have similar relationship between brightness temperature and magnetic field strength.
We now compare the microwave and magnetic butterfly diagrams to establish a quantitative relation between the microwave brightness temperature and the polar field strength. We average the brightness temperature (Tb) and field strength (B) poleward of 60 o latitudes in the respective butterfly diagrams to get the average Tb and B for each pole separately. We then perform rotation by rotation comparison of Tb and B to assess how closely the two are related. Figure 2 shows the evolution of B from 1992 to the beginning of 2012. The sunspot number (SSN) is overlaid to show the phases of the solar cycle. The field strength starts rising from the solar maximum of cycle 22 and peaks during the 22/23 minimum around 1996. During the maximum phase of cycle 23, the poles reverse their polarity and the polar field strength increases again.
Clearly, the polar field strengths never rise up to the level of cycle 22/23 minimum as has been also reported by many others (see e.g., Hathaway, 2010; Petrie, 2012) . Finally, the polar field strength has started to decline with the rise of solar cycle 24.
In the bottom part of Figure 2 , we see that the evolution of Tb closely follows that of B at both poles. The difference between the north and south polar regions is reflected in both quantities. 
Prominence Eruption Activity
There is a high degree of association between prominence eruptions and CMEs (Munro et al., 1979; Hori and Culhane, 2002; Gopalswamy et al., 2003b) . PEs are automatically detected in the 17 GHz images archived at the Nobeyama Radio Observatory minimum indicates that occurrence rate of the PEs is much smaller during the 23/24 minimum compared that during the 22/23 minimum. If we count all PEs in the rise phase, we find a PE rate of 1.4 per month for the 22/23 minimum, which is nearly a factor of 3 higher than the 0.5 PEs per month for the 23/24 minimum. It must be noted that the Nobeyama radioheliograph observes the Sun only for ~8 h per day, so all the PEs in a given day are not included. However, the number of eruptions is sufficiently large to show the solar cycle variation.
The position-angle correspondence between PEs and CMEs has also solar-cycle dependence: during solar minima, the PEs start at higher latitude and the corresponding CMEs appear at lower latitudes. This positive PE-CME offset is also thought to be an indicator of the strong polar fields (Gopalswamy and Thompson, 2000; Gopalswamy et al. 2003a; Cremades, Bothmer, and Tripathi, 2006; Gopalswamy et al. 2009; Lugaz et al. 2011; Panasenco et al. 2011) . The intervals of positive PE-CME offset are delineated by the vertical lines for cycle 24 (see the bottom portion of Fig. 4) . For cycle 23, the CME identification was occasionally not possible either due to data gap or the lack of association. Before 1996, there were no coronagraphic observations to compare with the Nobeyama data. The offset intervals extend from the second half of the minimum phase to the rise phase of the next cycle. During the first half of the solar minimum phase, the PEs occur only at lower latitudes, so the influence of the coronal hole is not felt by them, so there is no positive offset. The interval of positive offset is rather extended during the cycle 23/24 minimum. The average PE-CME offset for the 23/24 minimum is 19 o , which is nearly the same as the offset during the 22/23 minimum (18 o ). The polar field strength was diminished during the 23/24 minimum, but probably was sufficient to deflect the PEs. We also notice a strong north-south asymmetry in the number of PEs during the positive PE-CME offset interval: more PEs came from the north during both the minima.
The rush-to-the-pole (RTTP) behavior of filaments and prominences are known for a long time and the completion of the phenomenon happens during solar maximum (Hyder, 1965; McIntosh, 2003) . RTTP can also be seen in the synoptic map of local intensity maxima in the FeIV line emission (Altrock, 2003; . Gopalswamy et al. (2003a,b) found that the locations of PEs and the associated CMEs also spread to higher latitudes, typically at the rate of 10-12 degrees per year. The RTTP phenomenon and the cessation of high-latitude eruptions mark the time of polarity reversal. They also noted that when the PEs occur at latitudes >60 o , the tilt angle reaches its maximum value indicating solar maximum conditions. When we look at cycle 24, the PE which leads to the delayed polarity reversal at the south pole. The high-latitude PE and CME activities persist for 2-3 years after crossing 60 o latitude and when the activity ends, the polarity reverses. It appears that the polarity reversal during the cycle 24 maximum will have a northsouth asymmetry similar to that of the cycle 23 maximum.
Summary and Conclusions
We constructed the microwave butterfly diagram using 17 GHz images obtained by the The 1-sigma errors in the fit coefficients are given, which range from 11.5% to 15.2% in the northern hemisphere and 5.4% to 9.1% in the southern hemisphere. The numbers in parentheses next to CC is the probability that the correlation is not by chance. were observed by the Nobeyama Radioheliograph before 1996, there were no coronagraphic observations, so we were not able to compute PE-CME offset.
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